Abstract Overweight and obesity have risen substantially in the last few decades. Recently, food addiction has gained attention as a possible explanation for this increase. The purpose of this paper is to review the evidence for food addiction and its role in the rise of overweight and obesity in youth. Diagnostic symptoms, prevalence, and neurobiology of food addiction are reviewed. An overview of treatment options for youth is provided. Additional research on the nature of food addiction in youth as well as continued investigation of factors related to the rise in obesity is warranted.
Introduction
Childhood obesity has risen over the last few decades and continues to be the leading health-related concern for youth [1] [2] [3] [4] [5] [6] . Obesity has been linked to health problems; for example, being overweight in youth has been shown to place individuals at greater risk for pulmonary difficulties, cancer, and type II diabetes mellitus [7, 8] . In terms of psychosocial adjustment, youth who are overweight suffer difficulties related to quality of life [9] , teasing [10] , and overall emotional distress [11, 12] . Further, youth who are overweight may become overweight adults [13] and continue to experience weight-related concerns for health and well-being.
Numerous explanations for the rise in obesity have been proposed, including availability of high fat/calorie and hyperpalatable foods [14] [15] [16] , biological tendencies to save food for times of famine coupled with consumption of easily available food [17] , and more recently, food addiction [18, 19•, 20•] . Food addiction has garnered attention in popular culture (websites such as Food Addicts Anonymous, symptom checker on WebMD) as well as in scientific research [21] [22] [23] . Generally, addiction involves compulsion to engage in a behavior (i.e., take a substance), loss of control in limiting behavior/substance use, and a negative emotional state if denied behavior/substance use [24] . It is important to understand the difference between occasional excessive use versus pathological use of substances necessary for survival [17] .
In humans, there is evidence that disordered eating-related behaviors (i.e., binge-eating disorder) are associated with neurobiological changes similar to those found in other addictions [25] [26] [27] . In particular, the neurotransmitter dopamine (DA) has been implicated in developing addictions, including food addiction, as the brain's reward system does not differentiate between a 'reward' from a substance or a behavior [28] . Increases in DA are also associated with initiation of and participation in drug-seeking behaviors [29, 30] . In humans, studies have demonstrated that when individuals with food addiction think about preferred foods, the nucleus accumbens releases priming doses of DA [31] . This is similar to the brain response in individuals who are drug or alcohol addicted.
In addition to the neurological similarities between food and drug addiction, there is evidence of behavioral similarities. Animal models suggest a link between binge eating and addictive-like eating [32] , such that rats exposed to hyperpalatable foods engage in binge-eating behaviors (i.e., consuming large quantities in a short time, seeking food despite negative consequences) [15, 33, 34] . In humans, individuals continue to overeat despite significant psychosocial and physical health consequences, including diabetes, heart disease, and stigmatization [26, 34] . In a sample of obese treatment-seeking adults with binge-eating disorder, 75 % reported continuing to eat despite negative consequences [35••] .
There are few studies examining food addiction in youth [36••, 37 ••] despite increasing evidence that food addiction is a significant problem. The rest of this review will present evidence for food addiction in youth, including symptoms, prevalence, relation of food addiction to obesity, and an overview of treatment in youth.
Symptoms of Food Addiction in Children/Adolescents
Operationalizing symptoms of food addiction is difficult, as no formal diagnostic criteria or accepted definitions of food addiction exist at this time. Furthermore, the examination of food addiction within the pediatric population is extremely limited.
The majority of research on food addiction has occurred in the adult population and utilizes modified diagnostic criteria for substance dependence from the DSM-IV-TR [38] as the basis for conceptualizing food addiction. The most widely used measure of food addiction in adults is the Yale Food Addiction Scale (YFAS), developed in 2009 by Gearhardt et al. [39] . The YFAS is a 25-item, self-report measure asking subjects food-related questions that parallel substance dependence criteria: (i) substance taken in greater quantity and for longer than intended; (ii) persistent desire or unsuccessful repeated attempts to quit; (iii) great time and effort to obtain, use, and recover from substance; (iv) involvement in important life activities stopped or reduced; (v) continued use despite problems; (vi) tolerance; (vii) withdrawal (p.432). Responses can be scored either as a symptom count, reflecting the number of dependence symptoms present, or as a diagnostic score, with food addiction being 'diagnosed' when respondents endorse three dependence symptoms plus clinical distress or impairment. Since initial validation with a sample of normal weight undergraduate students [39] , the YFAS has been validated and utilized with more diverse samples including patients with binge-eating disorder [35••, 40] .
To date, only two studies have addressed food addiction symptoms in childhood and adolescence. Because no validated measure of food addiction in children existed, Merlo et al. [36••] created the Eating Behaviors Questionnaire (EBQ) to assess addictive eating behaviors in a small sample of children ages 8 to 19 years who were receiving treatment for being overweight or obese. The EBQ is a 20-item, self-report measure with parallel parent and child forms. Items were adapted from DSM-IV-TR criteria for substance abuse/dependence and focus on compulsive eating, attempts to cut down on eating, and continued eating despite consequences. Each item is scored on a 6-point Likert-type scale, with higher scores indicating greater severity of symptoms. The most commonly reported symptoms in children were related to compulsive eating and attempts to cut down, while the least commonly endorsed items symptoms were linked to interference with social/familial interactions (e.g., missing out on activities, fighting with others about eating). Not only did this study offer preliminary support for food addiction in youth, but it also established the EBQ as measure with good initial psychometric properties (internal consistency and concurrent validity) for the assessment of food addiction in child and adolescent samples.
Pretlow [37• •] demonstrated additional support for food addiction in youth. Qualitative data were gathered and analyzed from 10 years of internet bulletin board posts, chat room transcripts, and poll responses from overweight respondents ages 8 to 21. The most commonly endorsed symptoms focused on consuming large amounts of food over a long period of time, unsuccessful efforts to cut down on consumption, and continued eating despite adverse consequences. In addition, 77 % of respondents reported eating more now than when they first became overweight, and 56 % endorsed urges or cravings for certain foods, which may be related to tolerance and withdrawal in the pediatric sample. Specifically, youth in that study reported having to ingest larger amounts in order to feel satiated (tolerance) and feeling extreme discomfort when unable to eat a desired or craved food (withdrawal).
Recent changes to criteria and terminology for substancerelated and addictive disorders with the publication of the DSM-5 [41] may impact future food addiction research. Specifically, substance abuse and dependence criteria have been incorporated into a more encompassing diagnosis of substance use disorder. Symptoms remain relatively unchanged, but two or more criteria must be met for a diagnosis of substance use disorder, with increased symptoms reflecting greater severity of the disorder. Thus, criteria and measures of food addiction will likely need to be adjusted accordingly.
Prevalence of Food Addiction in Pediatrics
When compared with the adult literature, prevalence data on food addiction in children is limited. Until recently there were no widely used measures to assess this construct in children and, consequently, studies have used different measures and definitions to assess food addiction in children, making comparisons between studies difficult. Moreover, the limited number of studies and inadequate sample sizes prevent largescale prevalence estimates. However, despite these limitations, the studies discussed below provide important preliminary information regarding the clinical characteristics and prevalence of food addiction symptoms in both clinical and non-clinical samples.
In a recent study, approximately 7 % of children from a community sample met diagnostic criteria for food addiction as determined by the Yale Food Addiction Scale for Children (YFAS-C), which requires three or more food addiction symptoms in addition to clinically significant impairment or distress over the last 12 months [42] . Thirty-nine percent of children in the study endorsed more than three symptoms and 10 % reported clinically significant impairment or distress due to symptoms. The most commonly reported symptom was giving up activities due to overeating (i.e., "I eat so much that I feel bad afterwards. I feel so bad that I do not do things I like"). Another study examining food addiction symptoms using a scale developed for use in the study (i.e., the Children's Eating Behaviors Questionnaire; EBQ) found that approximately 15 % of treatment-seeking children ages 8-19 years reported that they 'often', 'usually' or 'always' think that they are addicted to food, and an additional 17.4 % 'sometimes' feel that way [36••] . The most commonly endorsed items on the EBQ were related to compulsive eating and lack of control. Finally, in a large qualitative internet study, children and teenagers between the ages of 8 and 21 years, with body mass index (BMI) greater than or equal to the 85th percentile, who were unsuccessful in losing weight, discussed addictive behaviors toward food in online chat rooms. Pretlow [37• •] noted that the behaviors described closely paralleled DSM-IV criteria for substance dependence, and he identified consuming large amounts over a long period of time, unsuccessful efforts to cut down, and continued use despite adverse consequences as the most commonly described criteria. Also of note, when teens and preteens were provided with a definition of addiction, 29 % endorsed "I think I'm addicted to most foods" and 37 % indicated "I'm addicted, but only to certain foods" [36••] .
Thus, current research provides preliminary evidence that food addiction may be a relevant and prevalent problem in children; however, extant research is sparse. As such, there is a need for additional research in this area, specifically utilizing validated measures, larger sample sizes, and additional clinical samples (e.g., children with eating disorders or primarily obese/overweight samples).
Relationship between Food Addiction and Obesity
The prevalence of pediatric obesity has rapidly increased over the past few decades, with estimates categorizing 16.9 % of youth aged 2-19 years as obese [43] . This is particularly concerning due to the numerous medical, psychological, and social comorbidities of pediatric obesity, many of which extend into adulthood [44] . Due to this growing public health concern, it is imperative to identify causes and correlates of obesity in pediatrics. Indeed, growing literature suggests that symptoms of food addiction may contribute to overweight/ obesity in children [36••, 37••, 41] .
In a community sample of children, food addiction symptoms as measured by the YFAS-C were significantly positively related to higher BMI [41] . Merlo and colleagues [36••] also found a positive correlation between BMI and food addiction symptoms, which approached statistical significance (p=0.06). These authors noted, however, that they had limited power (n=40) and that the BMI data was heavily skewed toward the obese end of the spectrum, which may have attenuated the findings. Also of interest, Pretlow [37••] found that individuals with higher BMIs had more of a struggle with losing weight, which led him to speculate that food addiction may be on a continuum, with level of addiction increasing with BMI.
These studies also found that food addiction symptoms in children are related to other constructs associated with overweight and obesity, such as emotional eating, decreased satiety responsiveness, uncontrolled eating, food preoccupation, overconcern with body size, and decreased caloric awareness and control [36••, 37••, 42] . Indeed, food addiction is related not only to BMI, but also to additional factors associated with increased risk for children being overweight or obese, highlighting the potential clinical relevance of food addiction in contributing to the obesity epidemic in children.
Intervention
Treatment for any addiction is complex and multi-faceted. To be successful, treatment must cause long-term changes in lifestyle. In substance-use treatment, the goal is abstinence from the substance; however, this is not possible in addictiveeating behavior. Thus, treatment must be focused on symptom management and relapse prevention. It is important to note that motivation for change is key to successful intervention. Individuals have to be ready and enthusiastic to make changes [45] .
Cognitive behavioral therapy (CBT) is the most well established treatment for binge-eating disorder and substance abuse disorders [46] , and has been used successfully in youth who are overweight (for review, see [47] ). In CBT, therapists assist patients with self-monitoring (of use in this model), identifying and changing automatic thoughts related to using (cognitive restructuring), stimulus control (identifying triggers for use), developing coping strategies, goal setting, behavioral activation, and relapse prevention. One key difference in using CBT for eating behaviors as opposed to substance use is a lack of emphasis on abstinence. Thus, treatment must focus on helping the individual use normative guidelines for dietary requirements and exercise. There are no studies of CBT for treating food addiction directly; however, it is likely that this would improve outcomes in these individuals and warrants further investigation.
Motivational interviewing (MI) is a client-focused method to enhance motivation to change by resolving ambivalence and eliciting and strengthening personal motivation for change [48] . Motivational interviewing was initially developed for treatment of substance abuse. It has since been used to treat a variety of mental health concerns in which motivational factors are key, such as weight loss [49] . It can be used as an independent intervention or as a precursor to other interventions like CBT [50] . MI has been suggested as an intervention for youth who are overweight or obese [51] . In a study of youth aged between 10 and 18 years, Walpole and colleagues [52] reported that the addition of MI to traditional therapy for obesity increased the number of sessions attended but did not improve overall outcomes. They suggest using multiple methods of treatment in youth who are overweight.
There are numerous successful 12-step programs for individuals with substance use disorders (i.e., Alcoholics Anonymous, Narcotics Anonymous). Overeaters and Food Addicts Anonymous uses the 12-step model to address symptoms of food addictive behaviors. Participants in the program view their food addiction as similar to the experience of other substance-dependent individuals. However, the focus in this program is balanced eating rather than abstinence. Overeaters Anonymous uses the principles of anonymity in a group along with fellowship and spirituality to aid in recovery. Generally, 12-step programs are flexible in that they allow individuals to repeat steps and welcome them back into the group if a relapse occurs; thus, this model is a good fit for food-addicted individuals as relapse may occur. There is some evidence that adolescents benefit in the same ways as adults from 12-step programs [53] , but no research has been conducted on 12-step programs for food addiction in youth. Additional research is needed to determine the effectiveness of this model in children and adolescents.
It is important to consider the role of diet and exercise in any of the above treatment recommendations to help ameliorate the negative effects of overweight and obesity. Generally, treatment for obesity in youth has been shown to be effective in reducing weight [54, 55] . A Cochrane review [54] suggested that while treatment is effective overall, there is significant heterogeneity amongst treatments. They suggest that the most effective treatment would be multifaceted and include incorporating education on healthy eating, activity, and selfimage into the school day as well as providing support for adults (parents, teachers) who are implementing and encouraging healthy changes. A separate meta-analysis found that obesity prevention programs that target youth are brief, focus solely on weight-control behaviors, and allow participants to select the interventions that are the most effective [56] . Additionally, the role of parents within treatment should be considered. Youth making a change to diet or exercise will be more successful when parents are actively engaged in the treatment process and, as noted, have support when implementing interventions at home. Taken with the information on treatment above, clinicians will be most effective in treating food addiction and obesity when using multicomponent models and when the motivation of the participants is high.
Conclusion
Obesity and overweight continue to rise, particularly in children. One possible explanation is an increase in youth who experience symptoms of food addiction [36••, 37••]. There is growing neurological and behavioral evidence that individuals experience addiction to food in the same ways as addiction to substances. However, extant research in children and youth is sparse. Additional research examining neurobiological changes in youth would strengthen the food addiction model. Studies should incorporate larger, more diverse samples including clinical (i.e., eating disordered, primarily obese) populations to document the nature of differences.
Behaviorally, studies have demonstrated that symptoms of food addiction are correlated with other constructs that may contribute to obesity. Emotional or uncontrolled eating, preoccupation with food, and concern with body size have all been associated with symptoms of food addiction. This underscores the importance of understanding symptoms of food addiction and how they present in youth. Further, treatment programs should include components that address these symptoms directly. As noted, the most successful programs are multifaceted and additional understanding of food addiction symptoms will serve to improve our treatment outcomes.
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